Background Noise-induced hearing loss (NIHL) remains an important occupational health issue as the second most commonly self-reported occupational injury or illness. The incorrect and inconsistent use of hearing protection devices (HPDs) compromises their effectiveness in preventing NIHL.
Introduction
Noise exposure is an occupational health hazard causing hearing loss. Noise-induced hearing loss (NIHL) is the second-most common self-reported occupational injury or illness, accounting for 7% of the total hearing loss in developed countries and 21% in developing countries [1] . It is estimated that between 13.5 and 17.5% of the hearing impaired population in New Zealand (NZ) have an occupational NIHL and up to 26% of hearing impaired people have some hearing loss caused by excessive occupational noise exposure [2] . Hearing loss significantly impairs communication causing personal, professional and social problems for those affected [3] . In addition, NIHL imposes a large financial burden. For example, claims for NIHL compensation and rehabilitation in NZ were reported to be ~US$44m for the year ending 2006 [4] .
NZ regulations limit unprotected noise in occupational settings to 85 dBA over an 8-h day with the requirement that preventive measures are employed to protect workers' hearing where noise levels exceeded this threshold [5] . The use of engineering (reducing noise at source) and administrative (removing worker from excessive noise) controls are the most effective ways to prevent NIHL, but unfortunately, hearing protection devices (HPDs) alone are often relied on to control noise exposure [3] . While the use of hearing protection has been shown to reduce NIHL [6, 7] , incorrect and inconsistent use of HPDs compromises their effectiveness in preventing hearing loss [3, 8] . Our previous qualitative study identified personal and environmental factors as supports or barriers to HPD use [9] . The ecological model for health promotion formed the theoretical basis for a classification of the factors into intrapersonal, interpersonal and organizational levels [10] . We further theorized that personal, socio-cultural and physical environmental factors cut across each level to influence behaviour [11] .
Previous studies have used questionnaires aimed at understanding intrapersonal factors related to hearing protection behaviour [12, 13] , and others have utilized the Health Promotion Model (HPM) [14] to develop questionnaire items eliciting predictors of HPD use with varying results [15] [16] [17] [18] . The HPM focuses on individual factors and fails to acknowledge the interrelationship of factors that may influence behaviour [19] . We designed a questionnaire to identify a range of personal and environmental factors drawing on the ecological model to understand hearing protection behaviour. The levels of influence (intrapersonal, interpersonal, organizational, community and policy) reflect the idea that personal and environmental factors at each level are interrelated [20] . This is important because the interaction between individuals and their environment is crucial to the concept of health promotion [19] .
The first three levels of the ecological model were investigated in this study in relation to HPD use by workers. The factors present at the 'intrapersonal level' of the model are influenced by knowledge, attitudes, values and skills relating to noise and HPD use. The 'interpersonal level' of the ecological model focuses on the influence of family and co-workers and the social norms prevalent in the workplace [20] . Factors at the 'organizational level' are shaped by the values, policies and action of companies in respect of noise and hearing protection. This provides a multilevel perspective and a basis for developing interventions that promote hearing protection use. Drawing on this knowledge, we describe the development of a quantitative questionnaire to measure the factors that influence HPD use identified by our previous study [9] and its use with a sample of workers in noisy industries. This allowed us to identify a range of supports and barriers to HPD use by workers.
Methods
A questionnaire made up of items pertaining to factors identified in our previous research [9] was developed with instructions to respondents to respond 'yes' or 'no' for each item as a reason that they would, or would not, wear HPDs when exposed to noise at work. The questionnaire also included demographic items such as gender and age, two items describing attitudes to safety behaviour at work and one item to capture the self-reported frequency of hearing protection use. We wished to develop a questionnaire that could be easily administered in the workplace and therefore produced a two-page self-administered hearing protection assessment (HPA-2) questionnaire focusing on supports and barriers to HPD use (available as Supplementary data at Occupational Medicine online). We pre-tested draft versions of the questionnaire in two workplaces to obtain worker feedback on design issues and determine suitability of items. This process helped confirm the items and format of the final version of the questionnaire. The study was approved by the University of Auckland Human Participants Ethics Committee (Ref: 2010/214).
Convenience sampling was used to recruit 34 manufacturing companies. Twenty six of these were contacted via the telephone directory, while the remainder were recruited through a health and safety training company. Most (24) were in the Auckland City region. As our primary interest was understanding workers' perceptions of supports and barriers to HPD use, we did not measure actual noise levels in the different workplaces. We aimed to recruit manufacturing companies that regarded themselves as having a 'high noise level' environment in which employees were required to use HPDs in accordance with health and safety regulations. The companies recruited were sheet metal fabricators, joiners, cement factories and foundries. Employers were given a company participant information sheet (PIS), and the details of the study were explained to them. The employers, and in some cases occupational health and safety personnel, then explained the purpose of the study to the workers and invited interested workers to participate. The workers were also given a subject PIS. The anonymous questionnaires were collected within 2 weeks of distribution. Data collection lasted from July 2011 to March 2012.
An alpha level of 0.05 was adopted for all inferential statistical tests. As HPD use is most effective when worn all the time in excessive noise [21] , we compared factors influencing HPD use in workers who reported always using hearing protection with those who did not. The chisquared test was used to test for differences in reported supports and barriers to HPD use between workers who reported always using HPDs and those who did not always use them. Differences in the number of supports and barriers sub-scales between groups were assessed with the nonparametric Mann-Whitney U test. The reliability analysis using Cronbach's alpha was used to measure internal consistency (reliability) of the questionnaire scales. Factor analysis with an oblique rotation was conducted to investigate underlying structure of the scales. An examination of the Kaiser-Meyer-Olkin measure of sampling adequacy suggested that the sample was factorable (KMO = 0.808).
Results
Of the 1053 questionnaires distributed, 555 completed questionnaires were received, a response rate of 53%. The mean age of participants was 42.6 years (SD = 12.5, N = 545, missing data = 10) and 96% were male. Fifty percent of workers reported New Zealand European ethnicity, 10% Maori, 16% Samoan and 7% Cook Island Maori. There was a wide range in reported HPD use when exposed to noise, with 46% of participants indicating they always wore HPDs and 54% reporting not always doing so (22% almost always, 12% usually, 4% often, 12% sometimes and 4% rarely or never). Many respondents (74%) indicated that safety was at the forefront of their minds when working, while 25% thought that other factors limited their ability to work safely even though they considered safety as important. Those who indicated high safety awareness were more likely to report using HPDs (M = 2.14, s = 1.49) than the others (M = 2.51, s = 1.57), t (542) = 2.49, P < 0.05. About half the participants believed that injuries occur because people do not take safety seriously (52%), and the other half believed that injuries will always occur no matter how hard people try to prevent them (47%). There was no difference in the mean use of HPDs in these two groups.
All but two participants in this study endorsed at least one support for HPD use (reasons for wearing HPDs). The three most common reasons for wearing HPDs when it was noisy (Table 1) were for the prevention of hearing loss, adherence to company rules and blocking annoying aspects of excessive noise. Less than half of the workers in this study (N = 228) reported receiving training in using HPDs. A greater percentage of workers who always wore HPDs indicated wanting to preserve hearing for family, recognition and adherence to company rules and receipt of training as supports for their hearing protection behaviour. In contrast, a greater percentage of workers who did not always use HPDs indicated noise created by tasks performed by them or by other workers as their reasons for using hearing protection. Almost two-thirds (355) of the participants reported at least one barrier against HPD use. Of the 200 who did not endorse any barriers, 61% reported always using HPDs. The three commonest reasons for not wearing HPDs were someone else doing a noisy job without warning, communication difficulties and inability to hear warning signals and work process sounds ( Table 2) .
Wearing HPDs was significantly associated with some barriers against hearing protection behaviour ( Table 2) . A greater percentage of workers who did not always wear HPDs gave other workers doing something noisy without warning and HPDs being uncomfortable as reasons for not wearing hearing protection. Interestingly, a greater percentage of workers who reported always using HPDs indicated not being clear about when to use HPDs and co-workers finding them funny as barriers to wearing hearing protection. A marginally greater proportion of workers who did not always wear HPDs regarded their inability to communicate and to hear warning signals as reasons for not wearing HPDs.
In order to identify key factors that describe the supports and barriers to HPD use as per the ecological model, factor analysis with an oblique rotation was conducted. When loadings < 0.25 were excluded, the supports and barriers to HPD use loaded onto five factors (Table 3) . Eight items loaded onto Factor 1. These items may be regarded as 'excuses' workers make for their inconsistent use of HPDs and this factor was labelled 'Risk justification'. Items loaded for Factor 2, labelled Missing data-6 (1%). NS, non-significant. Significantly greater % of supports in either group is indicated in bold. Significance: **P < 0.01, ***P < 0.001. 'HPD Constraints' related to difficulties faced by workers when wearing HPDs that negatively influenced HPD use in workers. Three items loaded onto a third factor (Hazard Recognition) related to workers' use of hearing protection when exposed to noise and using HPDs to avoid noise annoyance. The four items that loaded onto Factor 4 (Behaviour Motivation) related to influences that acted as a stimulus for hearing protection behaviour. The influence of workplace policies and encouragement towards hearing protection behaviour at Factor 5 was labelled 'Safety Culture'. The item 'wear all the time' was loaded in a reasonably balanced way across the five factors. The loading of 0.258 on factor 1 was highest, but the others ranged from −0.109 to −0.203. As the two HPD use groups were not normally distributed, a Mann-Whitney U test was performed to test the relationship between HPD use with each supports and barriers sub-scale. The results (Table 4) indicate greater influence of supports (behaviour motivation and safety culture) on those who always wore HPDs and a greater influence of barriers (risk justification and HPD constraints) for those who did not always wear hearing protection.
The reliability of the two scales (supports and barriers) for HPD use was tested. Items from the supports scale (α = 0.771) had good internal consistency as did items in the barriers scale (α = 0.740). All items except one appeared to be worthy of retention. The greatest increase in alpha would come from deleting item: wear all the time (Table 5 ). This item had a low item-total correlation of 0.197, whereas others were in the range 0.3-0.5. On this basis and because of its unreliable factor loading, the item 'wear all the time' was dropped from the questionnaire.
Discussion
This study found that the HPA-2 questionnaire had strong internal reliability when measuring supports and barriers to HPD use in workers. The Cronbach's alpha for the barriers scale was α = 0.740 and for the supports scale was α = 0.771 where Cronbach's alpha values close to 0.80 for a given scale are considered reliable [22] . The questionnaire also demonstrated statistically significant differences in supports, barriers and respective sub-scales to HPD use in workers. In addition, supports and barriers exist across different levels of the ecological model and interact with each other to influence hearing protection behaviour. The finding that only 46% of workers reported always wearing HPDs when exposed to noise is of concern, especially since HPDs are most effective when worn all the time in excessive noise [21] . Not surprisingly workers with a positive attitude to safety were more likely to practice hearing protection behaviour than those with negative attitudes. However, it is of concern that almost half the respondents suggested workplace injuries will always occur despite preventive efforts, given that workers' perceptions of safety and risk influence personal protective behaviour such as the use of HPDs [23] .
The five factors describing the supports and barriers (risk justification, HPD constraints, hazard recognition, behaviour motivation and safety culture) exist within different levels of the ecological model interacting with each other to influence hearing protection behaviour (Figure 1 ). This study shows that behaviour motivation and safety culture are supports that influence workers who always wear HPDs more than workers who do not (Table 4) . Conversely, those who did not always wear HPDs indicated barriers (risk justification and HPD constraints) more than those who always did. Risk justification underlies the intra-and interpersonal levels of the model formed by individual attributes and external influences. These attributes provide workers with justification for not wearing HPDs when exposed to noise and appear to reflect shared attitudes across the workforce. Furthermore, workers with low frustration tolerance towards HPD use may be more likely to magnify the discomfort and not tolerate it despite the long-term benefits [24] , thus negatively influencing hearing protection behaviour [25] . The inability to hear machine signals and communication difficulties highlight intraand interpersonal limitations associated with HPDs. On the other hand, the perception of noise as a debilitating hazard and nuisance is a supporting influence to hearing protection behaviour at the intrapersonal level. Not always: n = 287 (54%); always: n = 252 (46%); missing data: 6 (1%). NS, non-significant. Significance: *P < 0.05, **P < 0.01, ***P < 0.001. The enforcement of workplace safety rules and facilitation of safety training by management (organizational level) is an important factor influencing hearing protection behaviour [17] . This, together with peer and management support/modelling (interpersonal level) help form a positive safety culture. Behaviour motivation is reflected at each level supporting positive hearing protection behaviour. For example, at the interpersonal level, social networks and the provision of social support such as friends and family affect the health and behaviour of individuals through direct and indirect interactions [20] . There appears to be reciprocal determinism whereby interactions between the worker and the environment across different levels of the model influence behaviour [20] . For example, encouraging safety culture (training, rules and support) at the organizational level positively affects behaviour motivation and hazard re cognition at the intrapersonal and interpersonal levels, while mitigating risk justification and HPD constraints to influence positive hearing protection behaviour in workers.
Our research involved convenience sampling and voluntary participation. This may have led to selection bias in the types of company (e.g. level of enforcement and size) and worker who volunteered to take part. On the other hand, research involving coercion (e.g. by enforcement authorities) would not necessarily produce more accurate data because people would fear the repercussions of saying that they did not conform to noise regulations. We did not conduct noise level measurements for each company, instead basing the inclusion criterion on the companies' requirements for workers to wear HPDs at work upon noise exposure since the focus of the research was to understand why workers did not wear HPD when they were expected to do so. We relied on self-reporting of HPD use and people are known to over-report hearing protection behaviour [26] [27] [28] . In addition, self-reported HPD use in variable noise is not as accurate as data from steady noise exposure environments [28] . However, by designing the scale measuring HPD use with multiple options that we subsequently categorized as 'not all the time', we hoped to mitigate this bias to some extent. Previous research has indicated that responses to scales are affected by the number of alternatives available [29] , so our scale should perform better than a simple yes/no question. We also utilized a general measure for HPD use rather than a more specific variable such as a given day/week as reported elsewhere [28] .
We investigated only three levels of the ecological model. The community level needs further investigation of social norms regarding noise acceptability. This could be incorporated with findings from this study to target future intervention programmes. The policy level is covered by the code of practice for management of noise in workplaces [5] , but current and future research will inform the re-evaluation of policies and practices.
A practical strength of the HPA-2 questionnaire is that it is time efficient and appropriate for respondents of most educational levels. Furthermore, the relatively clear concepts made it easy to translate this questionnaire into four different languages commonly used in New Zealand (Samoan, Tongan, Cook Island Maori and Niuean) although the non-English translations were not required in practice since all participants elected to complete the questionnaire in English.
This research drew on factors that influence hearing protection behaviour at different levels of the ecological model to form a quantitative questionnaire measuring the supports and barriers to HPD use. Reliability and validity of the supports and barriers to HPD use were good. Furthermore, the validity of the supports and barriers incorporated in this questionnaire is supported by previous research undertaken by the authors [9] . The HPA-2 questionnaire may be useful in both research and interventions to understand and motivate hearing protection behaviour. In addition, the questionnaire allows 
Key points
• The Cronbach's alpha for the barriers scale (α = 0.740) and supports scale (α = 0.771) indicated strong internal reliability of the questionnaire.
• Workers who reported always using hearing protection devices had more supports influencing their behaviour, while those who did not always wear hearing protection devices reported more barriers to their use.
• The hearing protection assessment questionnaire may be useful in both research and interventions to understand and motivate hearing protection behaviour by identifying and targeting supports and barriers to hearing protection device use at different levels of the ecological model. 
